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montree a la figure IB representant une image d 1 intensite 
lumineuse moyenne, a comparer avec la figure 1A, 
representant la meme image mais avec une intensite 
lumineuse plus faible. 
5 Ce zoom global croit a mesure que 1 1 intensite lumineuse 
cie 1 1 image croit. Parvenu a une valeur d' intensite 
lumineuse elevee, le zoom global cesse de s'accroitre et 
est complete par un zoom en X (en horizontal) variable 
selon les lignes de 1 1 image . Ce cas est illustre a la 
10 figure 1C. 

Pour supprimer ces effets de zoom, il est connus de 
reguler la haute tension de maniere independante pour le 
canon et les deflecteurs du tube. Cette solution est 
relativement couteuse et peu utilisable dans un 

15 televiseur grand public. Des solutions moins couteuses 
consistent a utiliser un circuit de regulation de la 
tension d' alimentation de haute tension qui reagit en 
fonction de la tension du canon. Une telle regulation 
permet d' avoir de bon resultats sur des images de 

20 television mais ne permet pas de visualiser correctement 
des images fortement contrastees telles que des ecrans 
d'ordinateur lorsque le televiseur est utilise comme 
moniteur . 

25 Un but de 1 1 invention est de proposer une solution moins 
couteuse qui permette de corriger les distorsions creees 
par la variation de la tension alimentant le tube 
cathodique. Selon l f invention, ces distorsions sont 
corrigees par un traitement des images avant leur 

30 af f ichage . 
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dans la sequence a afficher et d 1 un zoom local affectant 
chaque ligne de 1 1 image courante et variant en fonction 
de 1 1 intensite de la ligne consideree et de celles des 
lignes qui la precedent dans ladite image. Selon 
5 1 'invention, on effectue alors les etapes suivantes : 

- caracteriser le zoom global cree par le tube cathodique 
en fonction de 1 1 intensite lumineuse de 1 f image courante 
et de celle des images precedentes ; 

- caracteriser le zoom local cree par le tube cathodique 
10 en fonction de 1 1 intensite lumineuse de la ligne 

consideree et de celle des lignes precedentes dans 
1 1 image ; et 

- calculer le zoom global affectant 1 ' image courante et 
les zooms locaux affectant chacune de ses lignes et 

15 generer une image precorrigee en appliquant, a 1 ' image 
entiere, 1 ' inverse dudit zoom global et, a chacune de ses 
lignes, 1 1 inverse du zoom local calcule pour la ligne 
consideree . 

L 1 invention a egalement pour objet un dispositif 
20 d'affichage a tube cathodique mettant en ceuvre ce procede 
de traitement d 1 image. 

Les caracteristiques et avantages de 1 1 invention 
mentionnes ci-dessus, ainsi que d'autres, apparaitront 
25 plus clairement a la lecture de la description suivante, 
faite en relation avec les dessins joints, dans lesquels: 

- les Fig.lA a 1C illustrent les defauts d'affichage dus 
a 1 1 instability du circuit haute puissance du tube 
cathodique ; 

30 - les Fig.2A et 2B illustrent, sous forme de diagrammes, 
la variation du zoom vertical et du zoom horizontal de 
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- i(I n -k) designe l 1 intensite de 1 ' image I Hmmk ; 

- a_ k 0 si KI n -k)<hi 

<*-k Si i sl <i (fn-k)<is2 

P-k si i s2 <i(I n _ k )<i s3 
5 0 Si /(/„-*)> 1,3 

- =1 si XI n - k )<i s i 

1 - ' hi s i i, 2 < z(/„_ A ) < i 52 

i-P-k' i s2 + «-* • (',2 " ) s i / 52 < i{I n _ k ) < f 53 

'ih2 -hJ-P-k <*s3 -^2) si i(I n -k) > i S 3 
10 Les termes i sl , i s2 et i s3 sont des valeurs seuil 
d 1 intensite lumineuse et les termes a_ k et J3_ k sont des 
facteurs de zoom associes a 1 1 image I n _ k . 

Les variations du zoom en Y et en X affectant 1 1 image 
courante en fonction de son intensite lumineuse sont 

15 representees, sous forme de diagrammes, respect ivement 
aux figures 2A et 2B. Z x (I n ) et Z r (I n ) designent 
respectivement le zoom en X et le zoom en Y de 1 1 image 
I n . Dans les deux cas, le zoom ( Z XouY (I n ) > 1 ) commence a 

partir de la valeur seuil i sl . II croit lineairement selon 
20 un premier facteur de zoom a 0 jusqu'a la seconde valeur 
seuil i s2 puis selon un deuxieme facteur de zoom fi 0 
jusqu'a une troisieme valeur seuil i s3 . Au-dela de cette 
valeur d 1 intensite lumineuse, le zoom en Y ne croit plus 
et reste constant alors que le zoom en X varie ligne a 
25 ligne. Un phenomene de zoom local en X vient en effet 
s'ajouter au zoom global en X et en Y a partir de la 
valeur seuil i s3 . Ce zoom local est propre a chaque ligne 
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pour le calcul du zoom af f ectant 1 1 image courante et les 
K images a suivre . 

A 1 1 aide de la formule (1), on calcule ainsi le zoom 
global pour chaque nouvelle image. D'apres cette formule, 
5 une image est affectee par un zoom global (2G>1) si son 
intensite lumineuse ou 1 ' intensite lumineuse de l'une des 
K images la precedant (K>5) est superieure a la valeur 
seuil i s i- Si son intensite globale depasse i 33 , elle est 
egalement affectee par un zoom local a chaque ligne de 
10 1 ' image . Le zoom local de chaque ligne est calcule par la 
formule (2) . 

L'etape suivante consiste a generer une image pre- 
corrigee s 1 opposant aux defauts du tube. Cette image est 
obtenue en appliquant, a 1 1 image courante source regue 

15 par le televiseur, un zoom qui est 1 1 inverse de celui 
resultant de l'etape precedente. Ce zoom inverse entraine 
un deplacement des pixels de 1 1 image . Par exemple, le 
pixel de coordonnees (x 19 y 2 ) dans 1 1 image courante est 
deplace par le vecteur deplacement (dxj^.dy^ et a pour 

20 coordonnees (x ± + dx 2 , y x + dy x ) dans 1 1 image precorrigee . 

En pratique, pour creer 1 ' image pre-corrigee, on part 
d'une image "vide" contenant des pixels ayant tous par 
exemple un niveau 0 pour chaque couleur et on la remplit 
avec les niveaux video des pixels de 1 1 image courante 

25 apres application du zoom inverse. Ainsi, le pixel de 
coordonnees (^i^i) dans 1 1 image pre-corrigee regoit le 
niveau video du pixel de coordonnees (jc 2 + dx 17 y 1 -^-dy^ de 
1 1 image courante. Si 1 'un ou I 1 autre des deplacements dx 1 
ou dy lf ou les deux, ne correspond pas a un nombre entier 

30 de pixels, on effectue une interpolation, par exemple de 
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10 

REVEND I CAT I ONS 

1. Procede de traitement d'une sequence d' images 

video a afficher avec un dispositif d'affichage a tube 
5 cathodique, lequel procede est destine a corriger les 
distorsions creees par 1 1 instability du circuit haute 
tension du tube cathodique lors de l'affichage desdites 
images et est caracterise en ce qu'il consiste a : 

caracteriser les distorsions creees par le tube 
10 cathodique, et 

- pour chaque image de la sequence a afficher, calculer 
les distorsions 1 1 af f ectant et generer une image 
precorrigee comportant les distorsions inverses. 

15 2. Procede selon la revendication 1, caracterise 

en ce que, 1 1 une des distorsions aff ectant l ! affichage 
d'une image courante etant un zoom global variant en 
fonction de l'intensite lumineuse de ladite image 
courante et de celle des images qui la precede dans la 

20 sequence a afficher, ledit procede consiste a : 

- determiner le zoom global cree par le tube cathodique 
en fonction de l'intensite lumineuse de 1 ' image courante 
et de celle des images precedentes ; et 

- pour chaque image de la sequence a afficher, calculer 
25 le zoom global affectant ladite image courante et generer 

une image precorrigee en appliquant 1 1 inverse dudit zoom 
global a ladite image courante. 

3. Procede selon la revendication 1, caracterise 

30 en ce que, les distorsions affectant l'affichage d'une 
image courante etant un zoom global variant en fonction 
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METHOD OF PROCESSING IMAGES FOR THE CORRECTION OF THE 
DISTORTIONS IN A CATHODE RAY TUBE 

The invention concerns a method of processing images for 
5 the correction of the distortions in a cathode ray tube. 
More particularly, the invention concerns the distortions 
related to the problems of regulating the high voltage. 

In the design of current cathode ray tube televisions, 
10 certain defects are neglected on account of their weak 

perception during the displaying of the video images. 

Such is the case of the residual defect of stability of 

the high voltage electronics of the television. When one 

attempts to display images comprising straight lines, as 
15 for example images of information technology type, this 

defect modifies the appearance of these lines which then 

look deformed on the screen. 

The occurrence of this defect is dependent on the 
luminous intensity of the images displayed. The 

20 distortion generated takes on two forms depending on 
whether the luminous intensity of the image is average or 
high. Here, the luminous intensity of an image denotes 
the sum of the grey levels of the three components R, G 
and B of the collection of pixels of the image, this sum 

25 being weighted by the television adjustment factors, 
namely light, contrast and colour. 

Thus, when the luminous intensity of the current image is 
average, the distortion takes the form of a zoom 
affecting the entire image, called the global zoom, whose 
30 factor varies as a function of the intensity of the 
current image and of the previous images. This distortion 
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is shown in Figure IB representing an image of average 
luminous intensity, to be compared with Figure 1A, 
representing the same image but with a weaker luminous 
intensity . 

This global zoom increases as the luminous intensity of 
the image increases. A high luminous intensity value 
having been reached, the global zoom ceases to increase 
and is supplemented with an X-wise zoom (horizontal) 
varying according to the lines of the image. This case is 
illustrated in Figure 1C. 

To suppress these zoom effects, it is known to regulate 
the high voltage independently for the gun and the 
deflectors of the tube. This solution is relatively 
expensive and hardly usable in a television for the mass 
market. Less expensive solutions consist in using a 
circuit for regulating the high voltage supply voltage 
which reacts as a function of the voltage of the gun. 
Such regulation makes it possible to obtain good results 
for television images but does not allow correct 
screening of strongly contrasted images such as computer 
screens when the television is used as a monitor. 

An aim of the invention is to propose a less expensive 
solution which makes it possible to correct the 
distortions created by the variation in the supply 
voltage to the cathode ray tube. According to the 
invention, these distortions are corrected by a 
processing of the images prior to their display. 
Hence, the invention is a method of processing a sequence 
of video images to be displayed with a cathode ray tube 
display device, which method is intended to correct the 
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distortions created by the instability of the high 
voltage circuit of the cathode ray tube during the 
displaying of the said images and is characterized in 
that it consists in: 
5 - characterizing the distortions created by the cathode 
ray tube, and 

for each image of the sequence to be displayed, 
calculating the distortions affecting it and generating a 
precorrected image comprising the inverse distortions. 

10 

More particularly, if the intensity of the image to be 
displayed is not very high, the distortion affecting the 
displaying of the current image is a global zoom varying 
as a function of the luminous intensity of the said 

15 current image and of that of the images which precede it 
in the sequence to be displayed. According to the 
invention, the following steps are then performed: 
- determining the global zoom created by the cathode ray 
tube as a function of the luminous intensity of the 

20 current image and of that of the previous images; and 

for each image of the sequence to be displayed, 
calculating the global zoom affecting the current image 
and generating a precorrected image by applying the 
inverse of the said global zoom to the said current 

25 image. 

Otherwise, if the intensity of the image to be displayed 
is very high, the distortion affecting the displaying of 
the current image is twofold. It consists of a global 
zoom varying as a function of the luminous intensity of 
30 the said current image and of that of the images which 
precede it in the sequence to be displayed and a local 
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zoom affecting each line of the current image and varying 
as a function of the intensity of the line considered and 
of those of the lines which precede it in the said 
current image. According to the invention, the following 
steps are then performed: 

- characterizing the global zoom created by the cathode 
ray tube as a function of the luminous intensity of the 
current image and of that of the previous images; 

- characterizing the local zoom created by the cathode 
ray tube as a function of the luminous intensity of the 
line considered and of that of the previous lines in the 
image; and 

- calculating the global zoom affecting the current image 
and the local zooms affecting each of its lines and 
generating a precorrected image by applying, to the whole 
image, the inverse of the said global zoom and, to each 
of its lines, the inverse of the local zoom calculated 
for the line considered. 

The subject of the invention is also a cathode ray tube 
display device implementing this method of image 
processing . 

The characteristics and advantages of the invention which 
were mentioned above, as well as others, will be more 
clearly apparent on reading the following description, 
given in conjunction with the appended drawings in which: 

- Fig. 1A to 1C illustrate the display defects due to the 
instability of the high power circuit of the cathode ray 
tubes; 

- Fig. 2A to 2B illustrate, in the form of charts, the 
variation in the vertical zoom and in the horizontal zoom 
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of the current image I n as a function of its luminous 
intensity; 

- Fig. 3 illustrates the operation aimed at calculating a 
precorrected image of the current image on the basis of 
the source current image; and 

- Fig. 4 summarizes the steps applied to the source video 
image according to the invention . 



The first step of the image processing method of the 
10 invention consists in characterizing the defects of the 
cathode ray tube. This step is carried out at the end of 
the plant for manufacturing the cathode ray tube 
television or monitor. 

As indicated previously the distortions occur when the 
15 luminous intensity of the image reaches an average value 
and appear differently depending on whether the intensity 
of the current image is average or high. When the 
luminous intensity of the current image is average, the 
image is dilated along both dimensions of the image (X 
20 and Y) and affects the whole image. One then speaks of 
global zoom. The zoom factor varies linearly as a 
function of the intensity of the current image and of the 
images which precede it in the sequence to be displayed. 
The variation in the global zoom of a current image, I n , 
25 as a function of its intensity and of that of the K 
images preceding it is given by the following formula: 

K 

ZG(/J = ~ YTi ( 1 } 

where - ZG(I n ) denotes the global zoom of the image 
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- i(I n - k ) denotes the intensity of the image I n _ k ; 

- <*-u =0 if KI n -k)<i s i 

<*-k if hl <i i I n-k)<i S 2 
P-k if i s2<KIn-k)< i s3 
0 if /(/„_*)> 1,3 

- &(/„_*) =1 if KI^ k )<hi 

l-<X-k- *sl 1 f < ) < 

1-0-k' *s2 + «-* * (',2 " »5l ) i f »*2 < Z '( 7 «-* ) < «, 3 

^-cc_ k {i s2 -i sl )-fi_ k ^ s3 -i s2 ) if > i,j 

The terms i sl , i s2 and i s3 are luminous intensity threshold 
values and the terms a_ k et f5_ k are zoom factors 
associated with the image I n _ k . 

The variations in the Y-wise and X-wise zoom affecting 
the current image l n as a function of its luminous 
intensity are represented, in the form of charts, in 
Figures 2A and 2B respectively. Z x (I n ) and Z Y (I n ) 
designate respectively the X-wise zoom and the Y-wise 
zoom of the - image /„ . In both cases, the zoom 
(Z XorY (I n ) > 1) commences from the threshold value i sl . It 
increases linearly according to a first zoom factor a 0 up 
to the second threshold value i s2 then according to a 
second zoom factor f3 0 up to a third threshold value i s3 . 

Beyond this value of luminous intensity, the Y-wise zoom 
no longer increases and remains constant whilst the X- 
wise zoom varies line by line. A phenomenon of X-wise 
local zoom is in fact added to the X-wise and Y-wise 
global zoom onwards of the threshold value i s3 . This local 
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zoom is specific to each line of the image and depends on 
the intensity of the previous lines in the image 
considered. The hatched area of Fig. 2B represents the 
zone of variation of the X-wise local zoom. 

The variation in the X-wise local zoom of the line Z, OT+i 
is given by the following formula: 

ZL x (L m+1 ) = l + p(L m+1 ) (2) 

with : p( Lm+l) = A (^f±-h.p(L m ) and f m+1 =i(L m+1 )/S 

J m 

where - i(L m+l ) denotes the intensity of the line L m+1 ; 

- A, S and T are constants; 

- f m is a function defined in the following manner: 

/ r 

f m = ^p(L m )e T with t = m • t (the time t is 

proportional to the line index m) . 
The characterization of the defects of the cathode ray 
tube consists in determining the formulae (1) and (2) and 
the parameters specific to the cathode ray tube used 
which come into these formulae, namely the threshold 
values i sl , ± S 2 et i S 3 and the zoom factors a_ k and J3_ k . 
These parameters are measured experimentally, once and 
for all, in the factory after manufacture of the tube. 
The next step consists in calculating, for each new image 
to be displayed, the zoom affecting it with the aid of 
formulae (1) and (2). This step requires prior 
calculation of the luminous intensity of each new image. 
To do this, the column-wise and row-wise sum of the 
levels displayed in the image is calculated, weighted by 
the television adjustment factors. This intensity value 
is stored since it is used for the calculation of the 
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zoom affecting the current image and the K images to 
follow . 

With the aid of formula (1), the global zoom is thus 
calculated for each new image. According to this formula, 
an image is affected by a global zoom (ZG>1) if its 
luminous intensity or the luminous intensity of one of 
the K images preceding it (K>5) is greater than the 
threshold value i sl . If its global intensity exceeds ± S 3, 
it is also affected by a local zoom in each line of the 
image. The local zoom of each line is calculated through 
formula (2 ) . 

The next step consists in generating a precorrected image 
opposing the defects of the tube. This image is obtained 
by applying, to the source current image received by the 
television, a zoom which is the inverse of that resulting 
from the previous step. This inverse zoom causes a 
displacement of the pixels of the image. For example, the 
pixel with coordinates (x 1 ,y 1 ) in the current image is 
displaced by the displacement vector (dx 1 ,dy 1 ) and has 
coordinates (jc 2 + dx l9 y 2 + dy ± ) in the precorrected image. 
In practice, to create the precorrected image, one starts 
from an "empty" image containing pixels all having for 
example a level 0 for each colour and one fills it in 
with the video levels of the pixels of the current image 
after application of the inverse zoom. Thus, the pixel 
with coordinates (*i ? Xz) in the precorrected image 
receives the video level of the pixel with coordinates 
(x x +dx 1 ,y 1 +dy x ) , of the current image. If either of the 
displacements dx 1 or dy 2 , or both, does not correspond to 
a whole number of pixels, an interpolation is performed, 
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for example of bilinear type, to determine from the video 
levels of the 4 pixels neighbouring the pixel with 
coordinates (x 2 + dx 1 , y 1 -h dy 1 ) in the current image, the video 
level of the pixel with the coordinates (x ly y 2 ) in the 
precorrected image . 

A bilinear-type interpolation is illustrated in Figure 4. 
Considered in this figure is a pixel with coordinates 
(s,t) relative to a pixel with coordinates (x l9 y 2 ) in the 
current image. Its luminous intensity i x i+s,yi+t ^ s 
calculated in the following manner: 

ixl+s,yl+t ~ — — s ) ' *xl,yl + S * txl,yl+l ] + — S ) * *xl+l,yl + S ' ^xl+l,yl+l ] 

Other types of interpolation, pertaining for example to a 
larger number of neighbouring pixels, may be envisaged. 
The processing steps for the source current image are 
summarized in the flow chart of Figure 4 . The resulting 
precorrected image is supplied to the display circuit of 
the cathode ray tube so as to restore a distortion-free 
image on the screen. 

This method is implemented in the display circuit of the 
cathode ray tube television. 
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CLAIMS 

1. Method of processing a sequence of video images 

to be displayed with a cathode ray tube display device, 
5 which method is intended to correct the distortions 
created by the instability of the high voltage circuit of 
the cathode ray tube during the displaying of the said 
images and is characterized in that it consists in: 

- characterizing the distortions created by the cathode 
10 ray tube, and 

for each image of the sequence to be displayed, 
calculating the distortions affecting it and generating a 
precorrected image comprising the inverse distortions. 

15 2. Method according to Claim 1, characterized in 

that, one of the distortions affecting the displaying of 
a current image being a global zoom varying as a function 
of the luminous intensity of the said current image and 
of that of the images which precede it in the sequence to 

20 be displayed, the said method consists in: 

- determining the global zoom created by the cathode ray 
tube as a function of the luminous intensity of the 
current image and of that of the previous images; and 

for each image of the sequence to be displayed, 
25 calculating the global zoom affecting the said current 
image and generating a precorrected image by applying the 
inverse of the said global zoom to the said current 
image . 

30 3. Method according to Claim 1, characterized in 

that, the distortions affecting the displaying of a 
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current image being a global zoom varying as a function 
of the luminous intensity of the said current image and 
of that of the images which precede it in the sequence to 
be displayed and a local zoom affecting each line of the 
5 said current image and varying as a function of the 
intensity of the line considered and of those of the 
lines which precede it in the said current image, the 
said method consists in: 

- characterizing the global zoom created by the cathode 
10 ray tube as a function of the luminous intensity of the 

current image and of that of the previous images; 

- characterizing the local zoom created by the cathode 
ray tube as a function of the luminous intensity of the 
line considered and of that of the previous lines in the 

15 current image; and 

- calculating the global zoom affecting the current image 
and the local zooms affecting each of its lines and 
generating a precorrected image by applying, to the whole 
image, the inverse of the said global zoom and, to each 

20 of its lines, the inverse of the local zoom calculated 
for the line considered. 



25 



4) Cathode ray tube display device implementing the 
method of image processing according to one of Claims 1 
to 3. 
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